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FRDOPLQLQJDQGODUJHGHSHQGHQF\XSRQFRDOLPSRUWIURPQHLJKERULQJFRXQWULHVUHQHZDEOHSROLFLHVRI,QGLDDW
FHQWUDO DQG VWDWH OHYHOKDYHEHHQQRZPRGLILHG WRDWWUDFW VRODU FRQVXPHUVDQG LQYHVWRUV >@7RGHYHORS VXFK
SROLFLHV YDULRXV WRROV DW GLIIHUHQW OHYHOV KDYH EHHQ GHSOR\HG +RZHYHU V\VWHP G\QDPLFV WRRO EHFDXVH RI LWV
XQLTXHQHVVWRSUHVHQWGDWDLQYLVXDOIRUPKDVIRXQGJUHDWLPSRUWDQFHLQFRQGXFWLQJVXFKNLQGRIDFWLYLWLHV±PRUH
GHWDLOVDUHFRYHUHGLQOLWHUDWXUHUHYLHZVHFWLRQ$FFRUGLQJWRWKH6\VWHP'\QDPLFV6RFLHW\>@³6\VWHPG\QDPLFV
6' LV D FRPSXWHUDLGHG DSSURDFK WR SROLF\ DQDO\VLV DQG GHVLJQ ,W DSSOLHV WRG\QDPLF SUREOHPV DULVLQJ LQ
FRPSOH[VRFLDOPDQDJHULDOHFRQRPLFRUHFRORJLFDOV\VWHPV±OLWHUDOO\DQ\G\QDPLFV\VWHPVFKDUDFWHUL]HGE\






FRQWH[W LVQRW DYDLODEOH LQ WKHHQHUJ\ OLWHUDWXUH7KHUHIRUH WKLVSDSHU FRQWULEXWHV WR WKHH[LVWLQJ OLWHUDWXUHE\
SURSRVLQJWKH6\VWHPG\QDPLFVEDVHGPHWKRGRORJ\WKDWZRXOGKDYHSROLF\LPSOLFDWLRQIRUWKHVXVWDLQDEOHXVHRI









WKUHH VHFWLRQV ± HQHUJ\ GHPDQG QHHG IRU DGRSWLRQ RI VRODU HQHUJ\ LQ ,QGLD DQG EDVLF V\VWHP G\QDPLFV
DSSURDFK
2.1. Why system dynamics approach? 
'XHWRKLJKRUGHURIQRQOLQHDULW\LWLVGLIILFXOWWRVROYHWKHPRGHOVDQDO\WLFDOO\>@$GGLWLRQDOO\LQVLPSOHU













2.2. System dynamics methodology to energy modelling  
,PSRUWDQWDQGUHODWHGVFKRODUO\DUWLFOHV\HDUVWRRQV\VWHPG\QDPLFVPRGHOOLQJZHUHUHYLHZHG
7KHSROLF\IRUPXODWLRQXVLQJWKLVWRROKDVEHHQVWXGLHGE\VHYHUDOVFLHQWLVW>@ZKHUHDVHQHUJ\VWXGLHVLVDOVR
RQH RI DQ LQWHUHVWHG DUHDV WR D VSHFLILF SRRO RI VFLHQWLVWV )XUWKHU GHPDQG DQG HQHUJ\ UHVRXUFHV UHSUHVHQW
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LPSRUWDQW YDULDEOH LQ WKH VWXG\ RI HQHUJ\PRGHOV .KDQGNHU HW DO  *RLQJ RQHVWHS GRZQ DW IXUWKHU
JUDQXODULW\ WKH\ DOVR DGGUHVVHG WKDW HOHFWULILFDWLRQ LPSDFWV SRVLWLYHO\ RQ HGXFDWLRQ KRXVHKROG LQFRPH DQG
H[SHQGLWXUH
6LPLODUO\ .XQVFK 	 6SULQJDHO >@ KDYH ZRUNHG RQ FDUERQ UHGXFWLRQ VWUDWHJLHV DW GRPHVWLF OHYHO DQG
GHYHORSHG VFHQDULRV XVLQJ VHQVLWLYLW\ DQDO\VLV D FRQFHSW RI V\VWHP G\QDPLF WR DGGUHVV WD[ SROLFLHV RQ
FRQVXPSWLRQ RI GLIIHUHQW W\SHV RI HQHUJLHV ,Q DQRWKHU VWXG\ /LQ	&KHQJ >@ KDYH VWXGLHG HOHFWULF VXSSO\
VWUXFWXUH DQG HYDOXDWHGSRZHU FRVW&2 HPLVVLRQ DQG HQYLURQPHQWDO FRVW XVLQJ V\VWHPG\QDPLFV+RZHYHU
WKH\DOVRREVHUYHGWKDWLQFUHDVHLQUHQHZDEOHVXSSO\UDLVHVWKHSRZHUJHQHUDWLRQFRVWZKLFKDSSDUHQWO\LVDEDG
QHZV WRSHQHWUDWH DGRSWLRQ LQ WKHEHJLQQLQJ$QRWKHU VLPLODU VWXG\KDVEHHQ FRQGXFWHGE\)RQJHW DO >@





HOHFWULFLW\ QHHGV LQ WKH IXWXUH"´ DQG DQDO\VHG WKH HQHUJ\ GHPDQG ILJXUH RI  7:K\HDU 7R DQVZHU KLV
UHVHDUFK TXHVWLRQ KH XVHG D V\VWHP G\QDPLFV PRGHO DQG SURSRVHG UHQHZDEOH HQHUJ\ JHQHUDWLRQ PRGHO
+RZHYHULQWKHVWXG\KHDFFRXQWHGIRUDOOUHQHZDEOHHQHUJ\VRXUFHV$VLPLODUVWXG\RQ&KLQHVHJHRJUDSK\KDV
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XOWLPDWHO\DGGV WR WKHJHQHUDWLRQFRVW)RU LQVWDQFHFUXGHRLO LPSRUW LQZDVRI WRWDO LQZDUGVKLSPHQW
KWWSZZZWUDGLQJHFRQRPLFVFRPLQGLDLPSRUWV$SDUWIURPDERYHPHQWLRQHGYDULDEOHVH[WHUQDOIDFWRUVDOVRSOD\
FUXFLDOUROHLQWKHSURGXFWLRQRIQRQUHQHZDEOHHQHUJ\VXFKDVOLPLWHGHQHUJ\VXSSO\ODERXUVWULNHVQDWXUDOFDODPLWLHV
FKDQJHRI LQGXVWULDOSROLFLHV DQGJRYHUQPHQWSROLFLHV+RZHYHU VXFKYDULDEOHV DUHGLIILFXOW WR DGGUHVV DWSUHVHQW
PRPHQWDQGDUHVXEMHFWHGWRIXUWKHUUHVHDUFK








3.3. Solar energy generation 
/LWHUDWXUH VXJJHVWV WKH LPSRUWDQFH RI YDULDEOH WKDW DUH SURSRVHG LQ WKLV VWXG\ KRZHYHU WKHVH IDFWRUV DUH QRW
SUHYLRXVO\DGGUHVVHGXVLQJ6'DSSURDFK2WKHUPHWKRGRORJLHVWKDWKDYHDFFRXQWHGIRUGLIIHUHQWYDULDEOHVKDYHDOVR

















YDULRXV YDULDEOHV DW PLFUR OHYHO ZH ZRXOG DOVR UHVHDUFK EDVHG RQ PHWKRGRORJLHV SURSRVHG E\ 6WUHFNLHQH 	
0LVHYLFLXWH>@IRUQXPHULFDOVLPXODWLRQVDQG=DQGHFNLV>@IRUPRGHOLQJWKHXWLOL]DWLRQSRVVLELOLWLHV>@7KLV
DUWLFOH ZRXOG EH PRGLILHG DQG IXUWKHU YDULDEOH LGHQWLILFDWLRQ ZRXOG EH GRQH 3URSRVHG ZRUN ZRXOG LQFRUSRUDWH
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TXDQWLWDWLYHDQGTXDOLWDWLYHGDWD LQ WKHIRUPRIH[SHUW LQWHUYLHZVDQGV\VWHPG\QDPLFVIORZVXFKDVVWRFNIORZV
H[RJHQRXVYDULDEOHVJUDSKWDEOHIXQFWLRQVHQVLWLYLW\DQDO\VLVSROLF\IRUPXODWLRQHWFZLOOEHHODERUDWHG
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